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AMENDMENTS TO THE CLAIMS 

1. (Currently Amended) A memorv-^evie e controller comprising: 

a plurality of dynamically r e fr e shabl e m e mory c e ll s ; 

solf rofrooh refresh l ogic to refresh the-memory cells of at least one 
memory device; and 

one or more dynamically changeable use registers corresponding 
respectively to groups of one or more memory cells of the at least one memory 
device, wherein the use registers are configurable to indicate whether the 
corresponding groups of memory cells are in us e and wherein the use registers and 
the oolf refresh logic ar e impl e m e nt e d in a s am e d e vic e as th e m e mory c e lls ; 

wherein the refresh logic m e mory d e vic e is configured to omit 
refreshing of memory cells that are not in use* 

2. (Currently Amended) A memor y devic e controller as recited in claim 1, 
wherein the a e lf - r e fr e sh r efresh logic on the memor y d e vic e controller is 
configured to not refresh the indicated unused groups of m emory cells. 

3. (Currently Amended) A memorv-devie e controller as recited in claim 1, 
further comprising recent-access flags associated with respective sets of the 
memory cells, the recent-access flags being configured to indicate whether the 
associated sets of memory cells were accessed in a manner that refreshed the 
memory cells during a previous refresh cycle interval, wherein the memory-devise 
controller is configured to omit refreshing of those memory cells that are indicated 
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by the recent-access flags to have been accessed in a manner that refreshed the 
memory cells during a previous refresh cycle interval 

4. (Currently Amended) A system comprising a plurality of memory 
d e vic es t he memory controller as recited in claim 1 7 further comprising a plurality 
of memory devices, which include the at least one memory device, that comprise 
the groups of memory cells oontroll e r configur e d to s e t th e us e r e gist e rs - to - indicat e 
wh e ther th e m e mory c e lls ar e unused. 

5. (Currently Amended) A system comprising a plurality of memory 
devices t he memory controller as recited in claim 1, the system further comprising 
a plurality of memory d evices that include recent-access flags configured to 
indicate whether associated sets of the memory cells were accessed in a manner 
that refreshed the memory cells during a previous refresh cycle interval a m e mory 
controller impl e ment e d on a diff e rent d e vic e than th e us e r e gist e rs » 

6. (Currently Amended) A syst e m comprising a plurality of mem ory 
devices - memory controller as recited in claim 1, further comprising: 

■ a m e mory controller configur e d to a cache that is adapted to cache 
at least some of those memory cells that are indicated by the use registers to be in 
use and to omit refreshing of the cached memory cells. 
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7. (Currently Amended) A memory dovioo controller as recited in claim 1, 
wherein the use registers comprise bits that each correspond to a set of memory 
cells. 

8. (Currently Amended) A memory d e vic e controller as recited in claim 1, 
wherein the use registers comprise bits that each correspond to a row of memory 
cells. 

9. (Currently Amended) A memory device controller as recited in claim 1, 
wherein the use registers comprise bits that each correspond to a bank of memory 
cells. 

10. (Currently Amended) A memory d e vic e controller as recited in claim 
1, wherein the use registers comprise bits that each correspond to a page of 
memory cells. 

1 1. (Currently Amended) A m e mory d e vic e system c omprising: 

a plurality of memory devices having memory cells : and 
self refresh logic to r e fre s h th e m e mory cells; and 
a memory controller including^ one or more dynamically changeable 
use registers corresponding respectively to groups of one or more memory cells, 
wherein the use registers are programmable to indicate whether the corresponding 
groups of memory cells are in use and wherein the use regist e rs and th e s e lf - 
r e fresh logio aro implemented in a same device as - the memory oolls . 

UJB A HAVBS, FllC c ATTORNEY DOCKET HO. 

REPLY TO FIRST OA (KJSY RCE) DATED APRIL 30, 2004 J Serb! No. OS79I&.MI 

PAGE 7(23 • RCVD AT 7(2112004 11:16:58 AM [Eastern Daylight Time] 1 SVR:USPT0-EFXRF-1/1 * DNIS:8729306 * CSID:509 323 8979 ' DURATION (miMS):05-34 



JUL 21 2004 08:31 FR LEE - HAYES PLL 509 323 8979 TO 17038729306 



P. 00/23 



12. (Currently Amended) A m e mory d e vic e system as recited in claim 1 1, 
further comprising: 

refresh logic that w herein the aclf - refroah logic is configured not to 
refresh unused memory cells. 

13* (Currently Amended) A m e mory d e vic e s ystem a s recited in claim 11, 
further comprising: 

recent-access flags associated with respective sets of the memory 
cells, the recent-access flags being configured to indicate whether the associated 
sets of memory cells were accessed in a manner that refreshed the memory cells 
during a previous refresh cycle interval, wherein the memory device system is 
configured to omit refreshing of those memory cells that are indicated by the 
recent-access flags to have been accessed in a manner that refreshed the memory 
cells during a previous refresh cycle interval, 

14. (Currently Amended) A system oomprioing a plurality of memory 
d e vic e s as recited in claim-44 - 13. wherein the recent-access flags are part of the 
plurality of memory devices furth e r comprising a m e mory controll e r configured to 
program - tkHiso -F ogiotoro depending on whether the -memory c e lls ar e b e ing us e d . 

15. (Currently Amended) A system-ee mprioing a - plurality of m e mory 
devic es as recit e d in claim I I as recited in claim 13. wherein the recent-access 
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flags are part of the further oomprioinG a m emory controlle r that is implemented 
en - a - diff e rent device than th e- uso registers 

16. (Currently Amended) A system comprising a plurality of memory 
devices as recited in claim 1 1, further oomprioinp a w herein the m emory controller 
fttat-is configured to operate unused memory cells at reduced power. 

17- (Currently Amended) A system comprising a plurality of m e mory 
d e vices as recited in claim 1 1, further comprising: 

a cache that is adapted memory controller oonfigurod to cache at 
least some of those memory cells whose use registers indicate they are not unused; 

wherein the memory controller is configured -and to omit refreshing 
of the cached memory cells. 

18. (Currently Amended) A memorv - d evtee -svstem as recited in claim 11, 
wherein the use registers comprise bits that each correspond to a row of memory 
cells. 

19. (Currently Amended) A system comprising: 

one or more memory devices having dynamically refreshable 
memory cells; 

a memory controller having refresh logic configured to periodically 
refresh the memory cells of the memory devices; 
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one or more dynamically changeable use registers corresponding 
respectively to groups of one or more memory cells, wherein the use registers are 
configurable to indicate whether the corresponding groups of memory cells are in 
use; 

wherein the r efresh logic on' one of tho memory devices- is further 
configured not to refresh memory cells that are not in use; and 

recent-access flags associated with the memory cells, the recent- 
access flags being configurable to indicate whether corresponding memory cells 
were accessed in a manner that refreshed the memory cells during a previous 
refresh cycle interval, wherein the memory- controller r efresh logic is further 
configured not to refresh those memory cells that are indicated to have been 
accessed in a manner that refreshed the memory cells during the previous refresh 
cycle interval, 

wherein the r e fr e ah logic and th e u se registers are not implemented 
on a same device as the memory cells. 

20. (Currently Amended) A system as recited in claim 19, wherein the use 
registers r ecent-access flags are not implemented on a different device than as part 
of the memory controller. 

21. (Currently Amended) A system as recited in claim 19, wherein the 
memory controller is configured to cache at least some of those memory cells that 
are not indicated by the one or more use registers to be unused; and wherein the 
refresh logic is further configured to omit refreshing of the cached memory cells. 
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22. (Canceled) 

23. (Canceled) 

24. (Original) A system as recited in claim 19, wherein the use registers 
comprise bits that each correspond to a row of memory cells. 

25. (Currently Amended) A system comprising: 

memory including one or more memory cells; 
a memory controller; 

an operating system configured to dynamically allocate and de- 
allocate the memory and to identify allocated and de-allocated memory to the 
memory controlle r based on whether or not vittual-to-physical memory mapping 
portions are active : and 

recent-access flags associated with the one or more m emory cellsa ad 
impl e m e nt e d on a s am e devic e as th e memory c e ll s, the recent-access flags being 
configurable to indicate whether corresponding memory cells were accessed in a 
manner that refreshed the memory cells during a previous refresh cycle interval, 
wherein the m e mory controll e r system is configured not to refresh those memory 
cells that are indicated to have been accessed in a manner that refreshed the 
memory cells during the previous refresh cycle interval; 

wherein the memory controller is responsive to the operating system 
to operate non-allocated memory at reduced power* 
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26. (Original) A system as recited in claim 25, wherein the memory is 
dynamically refreshable memory and the memory controller operates the non- 
allocated memory at reduced power by omitting refreshing of non-allocated 
memory. 

27. (Canceled) 

28. (Currently Amended) A system as recited in claim 25, wherein the 
memory controller is configured to cache at least some of the allocated memory 
and to omit refreshing of the cached memory. 

29. (Currently Amended) A system as recited in claim 25, further 
comprising^ 

a plurality of use bits corresponding respectively to memory rows, 
wherein each use bit being-is configurable to indicate whether its corresponding 
memory row is currently allocate d, and wh e r e in the- -memory controll e r is 
configur e d to omit r e fr e shing of m e mory rows that ar e not curr e ntly allocat e d . 

30. (Original) A system as recited in claim 25, further comprising a 
plurality of use bits on the memory controller corresponding respectively to 
memory rows, wherein each use bit is configurable to indicate whether its 
corresponding memory row is currently allocated, and wherein the memory 
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controller is configured to omit refreshing of memory rows that are not currently 
allocated. 



31. (Currently Amended) A system as recited in claim 25, wherein the 
memory comprises a plurality of discrete memory devices, the system further 
comprising a plurality of use bits on the memory devices corresponding 
respectively to memory rows, wherein each use bit is configurable to indicate 
whether its corresponding memory row is currently allocated, and wherein the 
memory controller is configured to omit refreshing of memory rows that are not 
currently allocate d by configuring the use bits . 



32. (Currently Amended) In a system having dynamically refreshable 
memory rows, a method of memory power management, comprising: 

indicating that memory rows, which have been transferred to a 
cache, are not in use upon transfer to the cache: 

keeping track of which memory rows are in use and therefore need 

refreshing; 

periodically refreshing those memory rows that are in use; and 
omitting refreshing of memory rows that are not in usef-aad 
determining whioh-rows havo boon acc e s se d in a manner that 
r e fr e sh e d th e memory rows during a proviouq refresh cycl e interval, wh e rein the 
dotormining aot io - perform e d by utilizing a plurality of roocnt - aoo e ss flags 
a s sociat e d with e ach of th e m e mory rows - and impl e mented in a sam e d e vic e as th e 
memory r ows. 
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33. (Currently Amended) A method as recited in claim 32, further 
comprising: 

determining which rows have been accessed in a manner that 
refreshed the memory rows during a previous refresh cycle interval, wh erein the 
determining act is performed bv utilizing a plurality of recent-access flags 
associated with each of the memory rows: and 

omitting refreshing of memory rows that have been accessed in a 
manner that refreshed the memory-ee fa rows during the previous refresh cycle. 

34. (Currently Amended) A method as recited in claim 32 , furth e r 
oomprisi s g wherein the indicating comprises resetting one or more use registers 
corresponding to the memory trows that have been transferred to the cach& f 

caching - at - l e ast s om e of th e memory rows that ar e in us e ; and 
omitting r e fr e shing of th e cach e d m e mory rows . 

35. (Original) A method as recited in claim 32, wherein keeping track 
comprises maintaining a plurality of flags corresponding respectively to the 
memory rows. 

36. (Canceled) 

37. (Canceled) 
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38. (Currently Amended) A memory controller configured to perform 
actions comprising: 

periodically refreshing memory cells; 

receiving internal notifications regarding which memory cells are in 
use based on data stored in a plurality of use registers located on the memory 
controller : and 

omitting refreshing of those memory cells that are not in use^-rad 

keeping track of whioh memory oolls have b e en aooess e d in n 
mannor that refreshed the memory - c e lls during a pr e viou s r e fr e sh cycl e- int e rval; 

wher e in the keeping track act i on i s p e rform e d by utilizing a plurality 
of r e Gent - acc e ss flags that ar e implemented ndjooont - to tho memory oolls, 

wherein the memory controll e r i s impl e m e nt e d in a diff e r e nt d e vio e 
than tho use registers. 

39. (Currently Amended) A memory controller as recited in claim 38, the 
memory controller being configured to perform further actions comprising: 

keeping track of which memory cells have been accessed in a 
manner that refreshed the memory cells during a previous refresh evele interval: 
and 

omitting refreshing of those memory cells that have been accessed in 
a manner that refreshed the memory cells during the previous refresh cycle, 

40. (Currently Amended) A memory controller as recited in claim 38, the 
memory controller being configured to perform further actions comprising: 
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caching at least some of the memory cells that are in use; and 
omitting refreshing of the cached memory cells. 

41. (Canceled) 

42. (Canceled) 

43. (Canceled) 

44. (Canceled) 

45. (Canceled) 

46. (Canceled) 

47. (Canceled) 

48. (Canceled) 

49. (Canceled) 

50. (Canceled) 

51. (Canceled) 
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52. (Currently Amended) A method comprising: 

receiving memory allocation and de-allocation notifications from an 

operating system: 

periodically refreshing memory cells that are allocated: 

omitting refreshing of memory cells that are de-allocated: 

keeping track df which memory cells have been accessed in a 

manner that refreshed the memory cells during a previous refresh cycle interval; 

and 

omitting refreshing of those memory cells that have been accessed in 
a manner that refreshed the memory cells during the previous refresh cycle, 

wherein the memory allocation and de-allocation notifications are 
based on virtual memory mapping portions p criod refreshing io porformod by self- 
refresh logio and wherein the keeping track - aet io p e rformed by utilizing a 
plurality of r e c e nt - aooeaa flagc^ the oolf refr e sh logic b e ing impl e m e nted on a oomo 
device aa the memory oolls . 

53. (Currently Amended) A m e mory controller m ethod as recited in claim 
52, further comprising: 

responsive to the re ceivin g, setting and unsetting notifications 
r e garding whioh memory oolto ore in use through o plurality of corresponding u se 
registers corresponding to memory addresses of the memory allocation and de- 
allocation notifications. respectivelv $-aad 

omitting refreshing of thos e m e mory cells that ar e not in us e. 
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54. (Currently Amended) A system as recited in claim 19 7 wherein the use 
registers are implemented on a diff e r e nt d e vic e than a s part of t he memory 
controller. 

55* (Currently Amended) A system as recited in claim 25, wherein the 
recent-access flags m e mory o e llo are located on q diff e rent d e vic e than t he 
memory controlle r, and the memory controller is configured not to refresh those 
memory cells that are indicated to have been accessed in a manner that refreshed 
the memory cells during the previous refresh cycle interval , 

56. (Currently Amended) A system as recited in claim 29, wherein the use 
bits are implemented on a same device as part of the memory cell s or as part of the 
memory controller . 

57. (Currently Amended) A method as recited in claim 34, further 
comprising: 

flushing contents of the cache back to the memory rows: and 
setting the one or more use registers corresponding to the memory 
rows to indicate that the memory rows are in use w horoin o plurality of uco 
r e gisters arc utilized to determin e wh e th e r a memory row io in use ond tho uso 
regist e rs ar e impl e mented on th e sam e d e vic e as th e memory rowo . 
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58. (Currently Amended) A memory controller as recited i n claim 3 8 claim 
39, wherein the keeping track action is performed by utilizing a plurality of recent- 
qqcgsg fl a gg \qwX$$ on the memory co n ttQUo xu s e r e gist e rs and th e m e mory cells 
ar e impl e m e nt e d on a same device . 

59. (Currently Amended) A momorv oontrollor m ethod a s recited in claim 
53, wherein the setting and upsetting comprises setting and upsetting u se registers 
that are implemented as part of a memory controlle r and the m e mory c e lls ore 
implem e nted on the oamo dovioo ao the self refresh logic . 
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